Abstract The conservation areas in a plain are affected by the groundwater contamination from intense application of the fertilizers. The vulnerability of groundwater can be tested by using the DRASTIC model for the pollutants. The groundwater susceptibility to pollution in the various areas is mapped through DRASTIC model. However, the effects of pollution types and its characteristics are not considered, as this model is used without any modifications. This technique must be standardized for usage in the various aquifers and specific pollution types. The rates of DRASTIC parameters are corrected to obtain the potential for a more accurate analysis of the vulnerability pollution. The relationships between the parameters are identified with respect to the nitrate concentration in the groundwater by calculating the new rates. The methodology was applied to the selected area situated in the south eastern region of Iran at Kerman plain. Twenty-seven different locations were selected to test and analyse the nitrate concentration in the water from underground wells. The pollution in the aquifer was associated and correlated with the DRASTIC index by using the measured nitrate concentrations. The relationship between the index and the measured pollution in the Kerman plain was determined by applying the Wilcoxon ranksum nonparametric statistical tests and the rates were calculated. It was found specifically in the agricultural areas that the modified DRASTIC model performed more efficiently than the traditional method for nonpoint source pollution, as indicated by the results. After modifications, the regression coefficients revealed that the relationship between the vulnerability index and the nitrate concentration was 77 %, while it was 37 % before the modifications were used. These statistics show that the modified DRASTIC performed far more efficiently than the original version.
Introduction
Groundwater as a source of water supply, specifically in the arid and semi arid regions has become as an important resources. When groundwater becomes contaminated, pollution is indelible and hard to remediate because of its large storage, long residence time and physical inaccessibility (Foster and Chilton 2003) . Therefore, groundwater management emphasizes more on the water quality (Mohammadi et al. 2009 ). Unconfined and permeable aquifers have been entailed high vulnerability to the surface contamination (Neshat et al. 2013) . Thus, effectively preventing policies or degrading groundwater pollution by human activities at or near the surface is an important part in groundwater management and the impact of human activities on environmental systems has received more international attention (Nagabhatla et al. 2012) . Moreover, recently Geographic Information System (GIS) applied as prominent and modern technologies such as groundwater investigations (Ayazi et al. 2010; Dar et al. 2010; Devi and Premkumar 2012; Manap et al. 2014 Manap et al. , 2013 Mohanty and Behera 2010; Pradhan 2009; Preeja et al. 2011; Sinha et al. 2012) .
Intrinsic vulnerability of groundwater can be defined as the case where a pollutant is introduced into the ground surface that can reach and spread into the groundwater. The groundwater vulnerability must be evaluated in a methodical and accurate way. Existing methods to assess groundwater vulnerability can be classified into three various categories including: (1) Process-based simulation model; (2) Statistical tests; and (3) overlay and index methods (National Research Council 1993; Nobre et al. 2007 ). The process-based simulation models are based on building a mathematical model and simulating the movement of contaminants from a defined source into the groundwater system. In the statistical methods, the contaminant concentration is operated as a dependent variable and affecting factors of the pollution are as the independent variables. The overlay and index method is based on combination of information on the most relevant parameters affecting migration of pollutants into the aquifer. It is based on integration of different regional maps by allocating a numerical index. Since these methods are included overlaying and aggregation of multiple maps, the geographic information system can be easily applied. The most popular techniques in the vulnerability analysis are including; GOD (Foster 1987) , IRISH (Daly and Drew 1999) , AVI (Van Stemproot et al. 1993) , and DRASTIC (Aller et al. 1987 ). The DRASTIC model has been the most applied method due to its ease to apply, minimum data requirement, and clear explanation of groundwater vulnerability (Huan et al. 2012) . The areas of USA (Fritch et al. 2000; Plymale and Angle 2002; Shukla et al. 2000) , China (Yuan et al. 2006; Huan et al. 2012; Yin et al. 2012) , Jordan (Naqa et al. 2006) , Morocco (Ettazarini 2006) , Iran (Mohammadi et al. 2009; Javadi et al. 2011a, b; Neshat et al. 2013) , Palestine (Mimi et al. 2012) , Tunisia (Saidi et al. 2010 (Saidi et al. , 2011 , and Portugal (Pacheco and Sanches Fernandes 2012) have used the DRASTIC model frequently.
The seven parameters affecting the performance of the DRASTIC including water depth, net recharge, aquifer media, soil media, topography, impact of vadose zone and hydraulic conductivity of the aquifer are used in this approach to evaluate the vulnerability index. Specific weights and rating values are allocated to each parameter, as shown in the Table 1 (Aller et al. 1987) . Since the time of its introduction by Aller et al. (1985 Aller et al. ( , 1987 , the DRASTIC model has been accepted as one of the best index models for vulnerability mapping. However, the DRASTIC model may be inaccurate because of subjectivity in allocating numerical values to the descriptive entities and relative weights for the different attributes (Babiker et al. 2005) . There is no standard validation test for the aquifer using DRASTIC method. Therefore, this method has been developed by applying different methods by some researchers such as Secunda et al. (1998) , Melloul and Collin (1998) , Zhou et al. (1999) , Thirumalaivasan et al. (2003) , Dixon (2005) , Antonakos and Lambrakis (2007) , Bojórquez-Tapia et al. (2009 ), Ckakraborty et al. (2007 , Denny et al. (2007) , Hamza et al. (2007) , Leone et al. (2009 ), Nobre et al. (2007 , Pathak and Hiratsuka (2011) , Remesan and Panda (2008) , Saidi et al. (2011 ), Hailin et al. (2011 ) Pacheco and Sanches Fernandes 2012 . In some studies groundwater vulnerability has been correlated with chemical or Source: Aller et al. (1987) contaminant parameters (Kalinski et al. 1994; Rupert 1999; McLay et al. 2001) . But in these studies the rates and weights of the DRASTIC method has not been effectively applied. Occasionally, alternative human activities such as, land use and contaminant loading is also incorporated to modify the DRASTIC model. The DRASTIC model was also used by AlHanbali and Kondoh (2008) to combine the human activity impact index derived from land use with the cover data. According to their study, the groundwater quality is affected by the human activities, which are also held responsible for the increase in the risk of pollution in the Dead Sea groundwater basin in Jordan. Groundwater naturally does not contain nitrate. This implies that agricultural areas can use the nitrates to indicate the movement of contaminants from the surface to groundwater (Javadi et al. 2011a, b; Neshat et al. 2013 ). Carvalho (2009) integrated DRASTIC results with nitrate concentrations for groundwater pollution risk assessment. Nitrates were later used by other researchers as well to modify the DRASTIC model (Panagopoulos et al. 2006; Javadi et al. 2011a, b; Neshat et al. 2013) . A correspondence analysis was done by Pacheco and Sanches Fernandes (2012) by using the nitrates. The nitrates were used by Panagopoulos et al. (2006) , Javadi et al. (2011a, b) and Neshat et al. (2013) to calibrate the model prior to obtaining the correlation coefficient in order to describe the relationship of the vulnerability index and nitrate concentration.
Using Kerman plain as the study area located in the arid and semi-arid region, in which the groundwater as the only source of water has become a serious issue as it constantly reduces the water table. The majority of the study area covered by agricultural land and fertilizers are commonly used over the crops. The nitrate concentration in the aquifer was measured in the area by calibrating the DRASTIC parameters. In the previous study (Neshat et al. 2013) , the effective weights of each factor was calculated by applying the single-parameter sensitivity analysis and the rates of the DRASTIC were calibrated using the Wilicoxon rank sum nonparametric statistical tests (Wilcoxon 1945) to determine the relationship between the vulnerability indicators and the parameters. In this study the Wilcoxon rank has been used for modifying the rates of DRASTIC while the original weights of DRASTIC were used to observed the modified DRASTIC. Two main reasons for using this method is its accurate result and less complicated compared to other methods.
Materials and Methods

Study Area
The study was conducted in the Kerman plain located in an arid and semi-arid region based on a large percentage of agricultural lands. The economic development of the area relies on the Pistachio which is the main agricultural product. Overusing of chemical fertilizers such as Urea, Ammonium sulfate and Ammonium nitrate has led to increase of nitrate concentration in the study area. The Kerman plain has an area of 978 km 2 in the southeast part of Iran (Fig. 1) . Land elevation ranges from 1633 to 1980 m above sea level and according to the statistics of 2011 the mean annual rainfall is 108.3 mm. The types of sediments in the vadose zone mainly consist of silt-clay and sand-gravel. The aquifer media of the area consists of marlstone and shale, silt and clay, massive sandstone, or sand and gravel. The total net recharge of the study area is 186.06 million cubic metres per year (MCM per year). This area has the maximum electrical conductivity (EC) of 3880 μmoh/cm (micromhos per centimeter), and the average EC is 2700 μmoh/cm. The minimum EC is 1100 μmoh/cm. The maximum is EC is found in the south eastern regions. Materials such as Cretaceous and Eocene conglomerates (PC), intrusive rocks (gp), Eocene and Neogene volcanism, and Neogene, or younger, sediments make up the geology of the Kerman plain.
DRASTIC Method
The Table 2 lists the data used to obtain the hydro-geological parameters of the DRASTIC model. The potential contamination from nonpoint sources or distributed point sources of pollution is referred to as vulnerability such as nitrates from fertilizers in agricultural practice. The DRASTIC model was developed by US Environmental Protection Agency (US EPA) in the late 1980s as a standardized system for assessing groundwater pollution potential due to hydrogeologic setting (Aller et al. 1987; US EPA 1993; Vrba and Zaporozec 1994) .
The DRASTIC model acronym was taken from seven physical parameters, used to evaluate groundwater intrinsic vulnerability. These seven parameters including; Depth (D) to water: The distance that a contaminant must travel from the surface to reach the groundwater is represented through this parameter. A longer time for contamination is indicated by the depth of the water level (Aller et al. 1987 ). There are three classes for the depths of the water levels for the Kerman plains; 15 m to 23 m, 23 m to 30 m, and >30 m. Net recharge (R): It indicates the total amount of water that reaches the water table. The results obtained for the rainfall infiltration, irrigation return flow, and absorption wells in the study area are estimated as the net recharge. The more recharge is more vulnerable to contamination (Aller et al. 1987) . Aquifer media (A): The aquifer media refers to the consolidated and unconsolidated rock, which reflecting the mobility of the contaminants through the aquifer material. Marl and conglomerate rocks in the southern regions and a small area in the north western regions constitute the two sections of the aquifer rocks. Moreover, mixture of gravel, sand, silt and clay was introduced as glacial till by Aller et al. (1987) . In the study area, gravel and sand make up the extensive sand deposits. The northern and north eastern regions of the study area contained the deposits of fine to coarse sand, while the middle regions contained silt and clay.
Soil media (S): The soil media layer shows the recharge rate which can infiltrate the pollution. Soil map of the study area comprises of clay loam, gravel, loam, non-shrinking and non-aggregated clay, sand, sandy loam, and silty loam. The maximum rate was allocated to gravel, sand and sandy loam respectively (Aller et al. 1987) . The northern and southern regions of study area are covered by sand which has high permeability. Topography (T): It reflects the slope of the land surface. Steep slope increases runoff and erosion which is composed of the contaminants (Al Hallaq and Elaish 2012). The topography of the area split into five classes (Aller et al. 1987) , which were mostly found in areas with slopes ranging from 0 to 2 % and from 2 to 6 %. Impact of the vadose zone (I): It indicates the texture of the vadose zone which determines the time of travel of the contaminants through it. The drilling logs were used to classify the impact of the vadose for each well. The majority of the study area is composed with gravel and sand with silt and clay in the western part of the area. Water organization of Kerman 9-Sample wells Two times sampling based on surveys in the study area using a handheld GPS.
Hydraulic conductivity (C): The pumping test results and the lithology were used to create the hydraulic conductivity distribution map. Higher chances of distribution contamination were indicated by the regions with maximum hydraulic conductivity. The following equation k ¼ T b , was used to calculate the hydraulic conductivity of the aquifer, where the hydraulic conductivity of the aquifer is denoted by 'k', transmissivity is denoted by T and the thickness of the aquifer is denoted by 'b'.
The Fig. 2 shows the seven layers of the DRASTIC model. Calculation of DRASTIC index value implies multiplication of each parameter rating by its weight and adding the resulting values together. It is shown in following equation.
Here the index value is denoted by V, the weighted coefficient and rating values for parameters are denoted by W i, and R i respectively.
A rating is allocated to each of the hydro-geological factors from 1 to 10, while the DRASTIC parameters are weighted from 1 to 5 according to their relative contribution to the potential contamination (Aller et al. 1987) . The relative measure of vulnerability to contamination creates the desired index. As compared to areas with lower index, areas with higher index are more vulnerable. Aller et al. (1987) presented the rates and weights of the original DRASTIC model parameters. Figure 3 presents the vulnerability indices in the area.
Nitrate Measurements
The nitrate concentration was chosen as the primary parameter of contamination to calibrate DRASTIC model. A total of 27 agricultural wells were selected for the analysis and sampling, with two nitrate samples derived from each well. The model was calibrated with the first and second nitrate samples which were collected in May 2010 and May 2012, respectively. These samples were applied to create a relationship between nitrate concentration and the groundwater vulnerability. Prior to usage, the May 2012 samples were normalized. A handheld global positioning system (GPS) was used to find the exact location of each well.
Modification Rates of DRASTIC
The Wilcoxon rank sum nonparametric statistical test was applied to modify the rate of DRASTIC model using nitrate concentration as the main parameter. Nitrates enter the groundwater through the surface and are not naturally contained in the groundwater. The Kerman plain is primarily agricultural lands in which fertilizers are commonly used. The actual location of original vulnerability in the study area can be presented using nitrate concentration (Fig. 4) . In order to optimize the rates using nitrate, the following conditions should be considered; the mean nitrate was existed because of agricultural activities in the area, uniformity in the distribution area, nitrate leaching which indicates the rate of recharge from the surface over a long period of time. The higher vulnerability index might be increased due to high nitrate concentration confirming the correlation between contamination and human activities. To make sure that these basic conditions are satisfied, the selected area should have agriculture as a primary activity (Panagopoulos et al. 2006; Javadi et al. 2011a, b; Neshat et al. 2013 ). In the current study, the rates of the DRASTIC model were modified by using the Wilcoxon rank sum nonparametric statistical tests and using the weights of DRASTIC (Aller et al. 1987) .
where r mod expresses the modification of the rates of DRAS-TIC model.
Results and Discussion
The intrinsic vulnerability map of Kerman Plain (Fig. 3) was obtained through integration of the seven DRASTIC layers based on the weights and rates complied by Aller et al. (1987) .
The vulnerability map was classified into five classes establishing from very low to very high contamination potential. The validation of the model was determined through correlation between the nitrate concentration and the DRASTIC values of 27 well samples collected in May 2012 by applying the Pearson's correlation factor. This correlation expressed by Pearson's correlation coefficient was computed at 37 %, which was a low correlation. As the correlation value is relatively low and the difference between the original DRASTIC value and nitrate concentration locations as shown in Fig. 4 , the DRASTIC model would not be able to indicate the factual groundwater vulnerability and need to be optimized. The rationality augmentation of the rating scale is the key to optimize the accuracy of the groundwater vulnerability assessment results (Baalousha 2006; Assaf and Saadeh 2009) . The modification will give a realistic assessment of the nitrate concentration in the study area. In order to decrease the subjectivity in the selection of ratings and to increase accuracy of the method, a validation process is required (Ramos-Leal and Rodríguez-Castillo 2003) . Nitrate concentrations can be a good indicator to validate the groundwater vulnerability results. The mean nitrate concentration was applied to modify the rates of the net recharge, aquifer media, hydraulic conductivity, impact of vadose zone, soil media and topography. The highest rate was allocated to the highest mean nitrate concentration and similarly the other weighting rates were linearly changed based on this relationship which was given the lowest rate to the lowest mean nitrate concentration as shown in Table 3 . The depth of groundwater of the study area was categorized into three groups (15-23, 23-30, >30 m) . Since for groundwater depth map categories where no data for mean nitrate concentration were available, the rate of each class was given based on Aller et al. (1987) . The modified rating values of each class vary from 1 to 3 which are similar to original rating of DRASTIC model. As it can be seen in Table 3 , in the case of net recharge the original rates differ from 1 to 6 which were allocated to the (0-50.8, 50.8-101.6 and 101.6-177.8 mm) respectively. The modified rates indicate that the highest rate assigned to the highest mean nitrate concentration in each class and the rest of weighting rates were modified linearly. For the non-continuous parameter such as aquifer media, the rates of each class were based on permeability which varies from1 to 10. According to the DRASTIC standards, in the study area gravel sand has the highest rate but in the modified rate, silt and clay showed a highest rate of 10 mainly due to the presence of higher mean nitrate concentration. In the case of sandstone there was no data available for mean nitrate concentration. For this reason, the lowest rate was assigned to this class based on DRASTIC standards.
The study area was classified into seven discrete groups of soil media including clay loam, gravel, silty loam, loam, sandy loam, sand and none shrinking. The maximum of original and modified rate was allocated to gravel and sand due to their permeability. Also the rates of the other classes were calculated accordingly based on mean nitrate concentration in each class. For the continuous parameters like topography, five slope classes were designated based on Aller et al. (1987) . In the original rates of DRASTIC the lower rates was assigned to the higher slopes, but in the Kerman plain the rates were changed according to the mean nitrate concentration in the area. The modified rate of DRASTIC for slope ranges from12 to 18°indicating highest rate due to the highest average of nitrate concentration and the rest of classes were modified linearly. The vadose zone plays a significant role in percolation of rainfall and surface-water flow. Silt and clay, sand and gravel, and gravel and sand with silt and clay are the main classes of vadose zone parameter. In the study area sand and gravel has the highest original rates of DRASTIC, but the highest average of nitrate concentration has been centralized in silt and clay category. In the case of conductivity the lowest original DRASTIC rate was given to the less than 4, 4-12 and 12-28 m/per day respectively, but in the modified rates of DRASTIC it is completely vice versa. Figure 5 illustrates the modified DRASTIC map. As it can be seen in the map, the central and south-west part of study area is prone to contamination ranging between very high and high (32.66 %) of the total area. In the western part of the study area the vulnerability to contamination is very low to low which is covered almost one fifth of the total area. The vulnerability to the contamination in the north of study area is almost moderate. As indicated in Table 4 , the Pearson's correlation value of modified DRASTIC was calculated which increased to 77 % compared to original DRASTIC.
According to the calibration results, the study area was deeply affected by the modified DRASTIC model. To obtain better results in the vulnerability map, nitrate is an important factor as most of the area of the Kerman plain is agricultural. Based on the modified DRASTIC index values derived by the new rates and original weight of DRASTIC (Aller et al. 1987) about 32.66 % of the area was shown as highly vulnerable to pollution. Prior to the modification, these areas were calculated as 50.09 %. Before and after modifications, the percentage of moderate class was calculated as 30.81 % and 46.77 % respectively. Before and after application of the new rates, the low and very low class areas were calculated as 19.09 % and 20.58 %. The effects of the modifications were explained through the results (Fig. 6) . The results further verified the validity of the method. The DRASTIC model was calibrated using the first nitrate sampling test in May 2010 to modify DRASTIC model, while the second nitrate test (May 2012) was performed to compute the correlation factor. The effects of the modifications were clarified through the application of new rates to the layers. The vulnerability will increase at the centre of the Kerman plain, as indicated by the DRASTIC model, owing to the agricultural activities in that region.
Conclusion
The evaluation of groundwater is a critical factor in the Kerman plain, as the area lies in the arid and the semi-arid region, which implies that the groundwater is the only source of water. The groundwater vulnerability assessment results obtained were owing to the increasing pumping rates from the water table and the reduced rainfall in these areas. A satisfactory analysis of the vulnerability of groundwater to pollution is obtained after applying the DRASTIC model in the region. Majority of the area of the Kerman plain is based in the agricultural areas, which are employing fertilizers on a daily basis. The leaching of the nitrate from the soil surface layers to the groundwater leads to increased concentrations of nitrates in the groundwater. Calibrations and algorithms were required for the original DRSATIC model according the above requirements to obtain more accurate results. It was at 37 % that the correlation factor between the nitrate concentrations and the original vulnerability index was calculated, while it was at 77 % that the correlation between the nitrate concentrations and modified DRASTIC model was evaluated. As compared to the original DRASTIC model, the modified version gave better result. Additional flexibility in the rates and the weights of the required model was provided through the modified DRASTIC model.
In this study groundwater vulnerability evaluation can be effectively ascertained through the modified DRASTIC which derived modifying the rates by wilcoxon and using the weights of original DRASTIC that suggested for agricultural areas where nitrates are used extensively. Not only the method applied is not so complex, but also it gives more proper correlation coefficient value.
